Introduction
About 4.8 million Americans are suffering from congestive heart failure (CHF) and around 400,000 incidences report each year as per the National Heart, Lung and Blood Institute [1] . A study analyzing the prevalence rates of depression in heart failure patients showed that there is an estimation of 27.8% and higher prevalence linked with increased New York Heart Association (NYHA) class [2] . Several biological pathways have been linked with both depression and heart failure that seem to be interlinked. Both are related to an activated sympathetic system and increased hormones such as the interleukins (IL6, IL1B), tumor necrosis factor-alpha (TNF-alpha), etc. [2] . It has been postulated that the inflammatory process associated with depression can further exacerbate the pathophysiologic process that deteriorates the condition of heart failure patients [2] .
Approximately half of CHF patients with the major depressive disorder (MDD) have clinical depressive symptoms of high severity [3] . Several prospective studies, systematic and metaanalytic reviews have deductively concluded a staggeringly two-fold risk in all-cause mortality and morbidity rates amongst the CHF patients with comorbid depressive symptomatology [4] . The largest comprehensive hospital-based registry analysis conducted to date, Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) pooled data from 48,600 hospitalized CHF patients, states that the quality of life and clinical outcome of those simultaneously affected with MDD, to be staggeringly poor [5] . Specifically, the CHF cohort with MDD has a short-term mortality risk of 17.7% ensuing within three months of hospital discharge; a risk significantly heightened in comparison to 6.6% in failure only patients [5] . Patients with comorbid depression also tend to have on the average prolonged duration of in-hospital stays (seven days versus four to five days) in addition to a three-fold increased risk of late re-hospitalization, owing to decompensated states with exacerbation of symptoms [6] . Additionally, CHF patients with comorbid MDD tend to have a poor quality of life, higher rate of cardiac-related morbidity, and premature mortality [7] . Comorbid drug and alcohol abuse are poor prognostic factors in a patient with depression and CHF. Studies suggest that alcohol consumption has adverse impacts on the utilization of health care services as well as mental health state in patients with chronic medical disorders and depression [8] .
The objective of this nationwide retrospective study is to evaluate the demographic predictors of MDD in hospitalized CHF patients and discern the differences in the prevalence of medical comorbidities and substance use disorders between MDD and non-MDD heart failure patients. Finally, this study will evaluate the length of hospital stay and cost per comorbidities and the associated risk of in-hospital mortality in CHF patients with MDD.
Materials And Methods

Data source
A retrospective cross-sectional analysis was conducted using the healthcare cost and utilization project's (HCUP) nationwide inpatient sample (NIS) data from the years 2010 to 2014 [9] . The agency for healthcare research and quality (AHRQ) sponsors the HCUP databases that are specifically designed to determine and identify patterns in hospital utilization and cost across the United States [9] . The NIS is the largest inpatient database available in the US, with a sample estimate of over 95% of discharges from the non-federal community hospitals. To protect the privacy of patients, physicians, and hospitals, the state and hospital identifiers are de-identified.
Sample selection
Based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes, we identified the target group as the patients admitted in the hospital with a primary diagnosis of CHF and secondary diagnosis as MDD, and compared with the patients without MDD (comparison group). In HCUP databases, more than 14,000 ICD-9-CM diagnosis codes and 3,900 procedure codes had been mentioned. CHF was identified using diagnosis code 398. 91 
Variables of interest
Demographic variables examined in this study included age group (18-35, 36-50), gender (male or female), race (white, non-white) and median household income (above or below 50th percentile). We calculated the length of inpatient stay as the number of nights the patient was hospitalized for a primary diagnosis of CHF. Total charges of hospitalization do not include professional fees and non-covered charges. If the source provided total charges with professional fees, then such additional fees were eliminated from the charge during HCUP data processing. In the NIS, we defined death as in-hospital mortality, and in this study, it is described as all-cause. Comorbidities are considered coexisting conditions to CHF, which is the primary disorder under this study [9] . Based on existing literature, we identified comorbidities for CHF using ICD-9-CM diagnosis codes as shown in Table 1 . 
ICD-9-CM diagnosis codes
Approaches
Descriptive statistics and cross tabulation were used to summarize the distribution between CHF patients with versus without MDD in terms of demographic characteristics and comorbidities. Pearson's chi-square test and independent sample T-test was used for categorical data and continuous data respectively to generate the P values between both the groups. We used a logistic regression model to measure the demographic predictors and the risk of in-hospital mortality in CHF patients with MDD using the comparison group as the reference category. The odds ratio (OR) generated by the regression model for in-hospital mortality risk was adjusted for demographics (age, race, sex and median household income). We used discharge weight, which is given in the NIS, to obtain nationally representative inpatient data [9] . Based upon the sample size, a P value < .01 was used as a reference to determine the statistical significance of the test. Statistical analysis was performed using SPSS version 23 (IBM, Armonk, New York, USA) in this study. NIS used in this study does not contain patient identification and so we were not required to take Institution Review Board permission.
Results
Demographic predictors of MDD
Elder CHF patients (36-50-year-old) have a higher likelihood of a co-diagnosis of MDD (OR: 1.324). Females with heart failure have two-fold higher odds of MDD (OR: 2.332) as there were 32.1% females without MDD versus 52.5% with MDD. MDD was seen in the nearly equal proportion of whites and non-white population (48% and 52%, respectively). But, when compared with patients without MDD then whites were more likely to have MDD (OR: 1.673) associated with a primary diagnosis of CHF. Also, heart failure patients with median household income below the 50th percentile were at a higher risk of depression (OR: 1.314). Demographic distribution in heart failure patients with/without MDD is shown in Table 2 . The proportion between MDD (-) and MDD (+) was obtained using cross tabulation. Odds ratio and P values were generated using logistic regression model.
MDD: Major depressive disorder; OR: Odds ratio; CI: Confidence interval.
Comorbidities in heart failure patients
Majority of the medical comorbidities were seen in the higher proportion of CHF patients without MDD, except hypothyroidism which was present in 10.2% patients with MDD (vs. 6.9% patients without MDD). Also, drug abuse was seen in the higher proportion of depressed patients as shown in Figure 1 .
FIGURE 1: Distribution of comorbidities in heart failure patients with/without MDD.
The proportions between MDD (-) and MDD (+) were obtained using cross tabulation.
Significant P values ≤ .001 at 95% confidence interval were obtained using the Pearson chisquare (χ2) test.
MDD: Major depressive disorder
Inpatient stay and cost by comorbidities in MDD patients
Hospitalization stay and cost was highest in MDD patients with comorbid hypothyroidism and anemia as shown in Figure 2 and Figure 3 . Among cardiometabolic comorbidities, the length of stay and cost per admission for patients with comorbid diabetes and hypertension was nearly similar. But it was higher for obese patients who stayed for an average of five days and $48,169 per hospital admission for heart failure. Among substance use disorder, patients with codiagnosis of drug abuse had a higher hospitalization total cost.
FIGURE 2: Mean inpatient stay in MDD patients per comorbidities.
The mean inpatient length of stay in MDD (+) was obtained using the independent sample Ttest.
MDD: Major depressive disorder
FIGURE 3: Mean inpatient cost in MDD patients per comorbidities.
The mean inpatient cost in MDD (+) was obtained using the independent sample T-test.
MDD: Major depressive disorder
Association of comorbidities and mortality in MDD patients
Among the medical comorbidities, hypothyroidism was only associated with higher odds of inhospital mortality in heart failure patients with MDD (OR: 4.405). Though alcohol abuse was seen only in 7.4% of CHF patients with MDD, it was associated with the three-fold higher likelihood of deaths during hospitalization (OR: 3.195). The association of comorbidities with mortality in MDD patients is shown in Table 3 . Odds ratio and P values were generated using logistic regression model and were adjusted for age, gender, race and median household income. Reference category for this model are the patients who did not die.
OR 95% CI P-value
Discussion
In our study, with four-fifths of the total heart failure patients with MDD in 36-50 years' age group, the elder patients had a higher risk compared to young adults for comorbid depression. Also, females with CHF had a twice higher risk of comorbid MDD compared to men, and this was supported by a past study which concluded that the average prevalence rate of depression in CHF patients for women was higher than that for men [2] . Whites had a higher risk of depression compared to non-white races.
Both anaemia and depression are significantly prevalent in CHF as independent comorbidities [10, 11] . In addition to similar presentation and overlap of symptoms, studies have also shown an increased prevalence of anaemia in depressed patients [12] . However, limited data are available on the coexistence of these two disorders in CHF and pathophysiology of the possible linkage needs to be explored. In our study, the nearly marginally lower proportion of patients with MDD had anaemia compared to non-MDD group (21.7% vs. 22.6%). Also, we found that the hospitalization stays and cost for heart failure management in patients with depression and comorbid anaemia was much higher compared to other comorbidities. Past studies suggest earlier mortality in patients suffering from depression and this observation has been linked to medical disorders including diabetes and vascular diseases in these subjects [13] . Reciprocally depression has been observed with increased prevalence in patients suffering from chronic medical disorders. In addition to poor outcome and complicated disease course, the coexistence of CHF, diabetes and depression is associated with an increased burden of healthcare cost [13] [14] [15] . Hypertension has been believed to be the most frequent and conventional risk factor linked to CHF [16] . But we found a lower proportion of MDD patients with comorbid diabetes and hypertension, also the inpatient length of stay and overall cost per admission was lower compared to other comorbidities in depressed patients admitted for CHF management. While evaluating the relation of hypertension in heart failure patients with MDD, studies conducted in the past suggest depression as an independent predictor to put elderly hypertensive patients on the increased risk of developing heart failure [17] .
Ranging from molecular and cellular levels to subsequent hemodynamic, thyroid hormone has its extensive impact on the cardiovascular system [18] . Studies have shown repercussions of thyroid dysfunction on cardiovascular dynamics and suggest an increased risk of CHF in hypothyroidism [19] . Hypothyroidism has been suggested to be strongly linked to depression and CHF concurrently [20] . Also, in our study, we found that a higher proportion of heart failure patients with depression had comorbid hypothyroidism than the non-MDD group, and they were at four-fold higher risk of in-hospital mortality. These patients had longer mean hospitalization stay and cost for the heart failure management related to other comorbidities seen in depressed patients. Chronic obstructive pulmonary disease (COPD) in addition to being prevalent in CHF, independently poses an increased risk of cardiovascular mortality and morbidity [21] . The association of COPD with depression has been frequently reported mainly accounted for by its chronicity. Some of the studies suggest the highest association of depression with COPD compared to other chronic disorders [22] . Analysis of our study inpatient population also adds to the evidence with the significantly high percentage of chronic lung diseases in CHF patients with comorbid depression.
Depending on the nature of substance, miscellaneous acute and chronic consequences of cardiac toxicities, ranging from ischemia, arrhythmias to cardiac arrest have been observed with substance abuse [23] . However, there is not much data available on the outcomes and prevalence of comorbidity of depression and substance abuse in heart failure. Analysis of our results showed a higher percentage of CHF patients with depression had comorbid drug abuse and these patients had a shorter length of hospitalization, yet higher healthcare cost during heart failure management. However, we could not find a clinically significant increase in mortality with substance abuse in CHF patients with depression. Cardiovascular disorders like cardiomyopathy, hypertension and arrhythmias have been identified with alcohol use [23] . In our study, we could categorize only 7.4% of the heart failure and depressed patients with codiagnosis of alcohol abuse. But, alcohol abuse increases the risk of in-hospital mortality in depressed CHF patients by three times.
A study was done to evaluate the impact of MDD in hospitalized patients with Parkinson's disease [24] , and as the goal of our study was to evaluate the outcomes in an inpatient sample, so we utilized the database that was used in that study. Data were extracted from the NIS to include the patients diagnosed with heart failure. We applied sampling weights given in the NIS [9] to generalize the estimates for the prevalence of medical and substance abuse comorbidities. The inpatient outcomes in terms of length of stay, cost and in-hospital mortality are generalizable to a bigger population than the sample studied using discharge weights. Using the NIS data set, there was a large sample size because we included 21,165 heart failure patients. This dataset is subject to negligible reporting bias, and all clinical and nonclinical information is coded independently of the individual physician, making it a theoretically more reliable source. This is the foremost study, to our knowledge, that reports the impact of various comorbidities in heart failure patients with MDD regarding hospital outcomes and in-hospital mortality. The limitation of using inpatient data (and not patientlevel data) as the unit of analysis is that it does not translate to generalizability for all patients with heart failure. There may have been underreporting of chronic comorbidities in the NIS data because of the nature of an administrative database. We recommend that future research studies should examine the influence of comorbidities in a depressed patient with heart failure with clinical data.
Conclusions
A middle-aged, white female with comorbid depression has a higher risk of hospitalization for
